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Association between Bone Mineral Density and Clinical 
Consequences: Cross-Sectional Study of Korean Postmenopausal 
Women in an Orthopaedic Outpatient Clinic
This study is to identify the characteristics of BMD and the related clinical consequences 
through a nationwide, consecutive, cross-sectional study. A total of 1,281 postmenopausal 
women was enrolled nationwide and underwent measurement for BMD using dual energy 
x-ray absorptiometry. Following the T-spine and L-spine plane radiography, they were 
evaluated for vertebral fracture by a semi-quantitative method using the Genant’s method. 
Relationship between BMD and osteoporotic fracture and a degree of deformity in 
vertebral fracture, treatment history in osteoporosis and the EQ-5D was analyzed. The 
distribution of the normal, osteopenia and osteoporosis group was 25.9%, 37.0%, and 
37.2% in lumbar spine, and 31.4%, 45.3%, and 23.3% in femur neck, respectively. BMD 
in subjects with symptomatic or asymptomatic vertebral fracture was significantly lower 
than those without fracture. The femur neck and total hip BMDs were significantly lower 
in hip fracture group (0.646 g/cm2 and 0.643 g/cm2, respectively) and wrist fracture group 
(0.661 g/cm2 and 0.712 g/cm2, respectively) than in subjects without fracture (0.721 g/cm2 
and 0.712 g/cm2, respectively). The BMD was significantly lower with more severe degree 
of deformity in vertebral fracture and lower scores in mobility, usual activities and pain/
discomfort of the EQ-5D. In Korean postmenopausal women, the prevalence of osteoporosis 
and vertebral, hip and wrist fracture increase and quality of life decreases with lower BMD. 
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INTRODUCTION 
As the proportion of postmenopausal women is increasing with 
the recent increase of aging population in Korea, it is anticipated 
that aging is proceeding more rapidly in the future. It is known 
that osteoporosis ultimately induces vertebral, hip or wrist frac-
ture for which postmenopausal women are more vulnerable 
(1). Osteoporotic fracture is an important public health prob-
lem because it causes morbidity and mortality and generates 
not only a direct economic burden due to treatment cost for 
fracture but also the opportunity cost of patients and their fam-
ily members. It is known that ethnicity and race are the impor-
tant factors for the incidence of osteoporosis and differentiate 
the risk factors and treatment outcome of osteoporosis (2). Al-
though it is known that a risk of osteoporosis and osteoporotic 
fracture is low in Korean population (3, 4), it is expected that the 
incidence of osteoporosis and osteoporotic fracture will rapidly 
increase when considering the speed of an increase in aging po-
pulation. Because it is known generally that the mortality rate 
within 1 yr is approximately more or less than 20% when a hip 
fracture occurs (5, 6), most of the patients are receiving active 
treatment with surgery. In comparison, the treatment of osteo-
porotic vertebral fracture tends to be neglected relatively com-
pared to hip fracture because osteoporotic fracture is very com-
mon in osteoporosis patients with many cases being asympto-
matic and the short-term mortality rate is not high compared to 
that in hip fracture. However, it is known that vertebral fracture 
also increases a mortality rate (7) and increases a mortality rate 
as the number of fractures increases, and the mortality rate is 
higher in men (8, 9). For this reason, it is very important to pre-
vent osteoporosis by active treatment through early diagnosis. 
Along with this, it is known that physical, psychological and so-
cial consequences from the result of osteoporotic fracture have 
a very important influence on the health-related quality of life 
(HRQOL). It is known that a decrease in BMD itself or asymp-
tomatic fracture as well as symptomatic fracture also partly im-
pacts on HRQOL.
 BMD is the most general indicator to diagnose osteoporosis 
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and determine for its treatment and the most important factor 
to predict osteoporotic fracture (10). It certainly has weakness 
that there may be measurement error due to two-dimensional 
imaging and it cannot reflect bone quality. Yet, it is the most 
widely used in a clinical setting because the criteria of osteopo-
rosis and osteopenia defined by the WHO are based on BMD. 
BMD is also known to vary with age and sex and especially across 
different races. It is very important to understand BMD and the 
related clinical characteristics to utilize as the basic data for pre-
dicting overall public health burden related to osteoporosis. How-
ever, there has been no study reported regarding BMD and the 
related clinical aspects in Korean postmenopausal women. 
 Therefore, the purpose of this study is to evaluate BMD in 
Korean postmenopausal women based on Korean population 
with the national representative sample and to analyze the prev-
alence of osteoporosis and osteopenia, correlation between 
BMD and the condition of osteoporosis with the presence of 
symptoms and correlation between the EQ-5D and HRQOL.
MATERIALS AND METHODS
Study design
This study was a nationwide, observational and cross-sectional 
study in Korean postmenopausal women who visited an ortho-
pedic outpatient clinic of general hospitals and clinics from Oc-
tober 2010 through February 2011. The target sample size of 
1,183 subjects was calculated by presuming 26% of the preva-
lence rate of osteoporotic vertebral compression fracture; the 
primary endpoint of this study, with 5% of precision and 95% of 
confidence interval, based on the report indicating that 18%-
26% of postmenopausal white women had vertebral fracture 
according to the worldwide survey including Europe and the 
US (11). Considering a situation where it is impossible to con-
duct X-ray for diagnosis of vertebral fracture and collect the data, 
it was decided that a total of 1,479 subjects would be recruited 
in this study. In order to adjust the difference by region, region-
al distribution for women at 50 yr of age or older was confirmed 
by using the data in 2005 from the National Statistical Office of 
Korea, and the patients were to be recruited by allocating in an 
equal ratio by dividing into a total of four areas including the 
metropolitan, central, Youngnam and Honam regions.
Inclusion criteria
Among the orthopedic outpatients, women at 50 yr of age or 
older with diagnosis of menopause confirmed by a physician 
were included. The menopause was defined as the last men-
struation occurring 12 months before the enrollment.
Exclusion criteria
Exclusion criteria included subjects whose menopause was not 
confirmed, women at 80 yr of age or older, subjects with high 
energy trauma (e.g., traffic accident and fall accident), subjects 
who experienced non-vertebral fracture within 6 months prior 
to the study enrollment (within the last 6 months). Subjects with 
poor cognitive ability to perform the study (to understand the 
contents of the survey questionnaire) at the discretion of the in-
vestigator, subjects whose normal reading was impossible were 
also excluded for two segments or more due to fracture or in-
strumentation between the first and the fourth lumbar vertebra 
or subjects whose BMD in the bilateral femur was non-evalu-
able due to femur fracture or instrumentation.
Demographic information and medical history
Based on a medical examination by interview, subjects were 
evaluated for age, height, weight, years since menopause, fami-
ly history of osteoporosis in the maternal line (mother, brothers 
and sisters), family history of osteoporotic fracture (low energy 
fracture and asymptomatic fracture) in the maternal line (moth-
er, brothers and sisters), living environment (residential area, 
the presence of living in facility residence, the presence of living 
with family, etc.), a type of insurance (medical insurance and 
medical care), smoking status and the amount of drinking. Con-
current diseases such as hypertension, diabetes mellitus, hy-
percholesterolemia, osteoporosis, rheumatoid arthritis, hyper-
thyroidism, hyperparathyroidism, severe osteoarthritis of knee 
joint, foot disease, spinal disease with claudication, and Parkin-
son’s disease were confirmed, and untreated cataract was re-
corded.
 In addition, history of trauma and fall-down within the last 
one year and the presence of back pain within the last one year 
were confirmed with the originated area, cause and treatment 
method in case of a fracture history.
Bone mineral density
BMD was measured in the lumbar spine, femur neck and total 
hip using dual energy x-ray absorptiometry (DXA). If the data 
measured within the last 3 months was available, it could be 
substituted for the data. The measurement for each area was 
performed based on the instruction by the manufacturer of a 
bone mineral densitometer.
 Distributions of T-scores in lumbar spine, femur neck and to-
tal hip were evaluated when the T-scores were divided into nor-
mal group, osteopenia group, and osteoporosis group (T ≥ -1.0, 
-2.5 < T < -1.0, and T ≤ -2.5). Also BMD, evaluated by age, and 
the correlation between BMI and BMD, was analyzed.
Plane radiography
In order to identify the presence of vertebral fracture, standing 
anteroposterior and standing lateral radiographies were per-
formed in the thoracic and lumbar spine. Vertebral fracture was 
assessed based on the degree of deformity by the semi-quanti-
tative approach for each vertebra (L-spine 1-5, T-spine 1-12) (12) 
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confirmed by an orthopedic specialist, and the presence of the 
symptom was confirmed. Fractured vertebrae were graded as 
normal (grade 0), mildly deformed (grade 1, 20%-25% height 
reduction), moderately deformed (grade 2, 25%-40% height re-
duction), and severely deformed (grade 3, over 40% height re-
duction) by Genant semiquantitative approach (12).
 The percentages of vertebral compression fracture were com-
pared in the normal, osteopenia and osteoporosis group, (T ≥  
-1.0, -2.5 < T < -1.0, and T ≤ -2.5). The mean BMDs in the L-spine, 
femur neck and total hip were compared between subjects with 
and without osteoporotic vertebral fracture. BMD was also com-
pared among vertebral fracture patients with pain, asymptom-
atic patients with vertebral fracture and those without vertebral 
fracture.
BMD by hip fracture and wrist fracture
The correlation between the presence of hip and wrist fracture 
and BMD of each site was analyzed.
Correlation between BMD and EQ-5D
The functional assessment was completed by using the EQ-5D. 
EQ-5D is a standardized instrument for use as a measure of 
health outcome. EQ-5D is applicable to a wide range of health 
conditions and treatments and provides a simple descriptive 
profile and single index value for health status. The result re-
sponded to each question of the EQ-5D was presented by cal-
culating the utility index of each patient using the model indi-
cated in the reference of “South Korean Time Trade-Off Values 
for EQ-5D Health States: Modeling with Observed Values for 
101 Health States” by Lee et al. (13) The correlation between 
each item of the EQ-5D and BMD was analyzed, and the scale 
(0 means the worst health and 100 means the best health pa-
tient can imagine) to indicate the status of patient’s health was 
measured by the visual analogue scale (VAS), followed by the 
analysis of correlation with the EQ-5D.
Statistical analysis
In the descriptive analysis of baseline characteristics, the nu-
merical data are expressed as mean ± standard deviations. Sta-
tistical analysis was performed using one-way analysis of vari-
ance, t-test, Cochran-Armitage trend test and chi-square test, if 
applicable. A probability value of less than 0.05 was accepted as 
the level of statistical significance. 
Ethics statement
The study was conducted in accordance with the Declaration of 
Helsinki and approved by the institutional review boards (06-
2010-131) of Seoul Metropolitan Government-Seoul National 
University Boramae Medical Center. All patients provided writ-
ten informed consent.
RESULTS
Demographic information
In this study, a total of 1,281 subjects participated from 62 insti-
tutions. Among them, 1,255 subjects were evaluated excluding 
25 subjects who did not meet the inclusion and exclusion crite-
ria and one subject whose fracture was not assessed. The mean 
age was 63.2 (± 7.7) yr, with the distribution of 36.4%, 39.5%, and 
24.1% in the 50s, 60s and 70s, respectively. The mean height was 
155.3 (± 5.3) cm and the mean weight 57.4 (± 8.3) kg with the 
mean BMI at 23.8 ( ± 3.2) kg/m2. The mean age at the time of 
menopause was 48.8 (± 5.2) yr, and the mean duration of post-
menopause was 14.5 (± 9.0) yr.
Bone mineral density
The dual energy x-ray absorptiometry used in this study were 
Lunar (GE Healthcare, USA, 666 patients), Discovery (Hologic 
Inc., USA, 246 patients), Dexxum (Osteosys, Korea, 293 patients), 
and Norland (CooperSurgical, USA, 50 patients).
 The mean BMD with mean T-score was 0.86 g/cm2 with -1.91, 
0.71 g/cm2 with -1.62 and 0.77 g/cm2 with -1.29 in lumbar spine, 
femur neck and total hip, respectively. As a result of assessing T-
scores by dividing them into the normal, osteopenia and osteo-
porosis group (T ≥ -1.0, -2.5 < T < -1.0, and T ≤ -2.5), the distri-
bution of 25.9%, 37.0%, and 37.2% was seen in lumbar spine, 
respectively, the distribution of 31.4%, 45.3%, and 23.3% in fe-
mur neck, respectively, and the distribution of 40.7%, 42.5%, and 
16.9% in total hip, respectively. 
 Regarding BMD with age, BMD and T-scores in lumbar spine, 
femur neck and total hip tended to decrease with increasing age 
(Fig. 1) (Table 1). 
 BMI indicated a positive correlation with the L-spine BMD 
(r = 0.303, P < 0.001) and week correlations with the femur neck 
(r = 0.172, P < 0.001) and total hip BMD (r = 0.229, P < 0.001).
Correlation between BMD and vertebral fracture 
As a result of evaluating vertebral compression fracture by divi-
ding the T-scores into the normal group, osteopenia group and 
osteoporosis group (T ≥ -1.0, -2.5 < T < -1.0, and T ≤ -2.5), the 
incidence of vertebral compression fracture tended to decrease 
with increasing T-score (Fig. 2). In addition, it was statistically 
significant that the mean BMD values in the L-spine, femur neck 
and total hip were lower in subjects with osteoporotic vertebral 
fracture than those without fracture, (P < 0.001 for all three), re-
gardless of the presence of back pain (Fig. 3). The mean T-scores 
in the L-spine, femur neck and total hip were lower in subjects 
with osteoporotic vertebral fracture than those without fracture, 
(P < 0.001 for all three), regardless of the presence of pain (Fig. 3).
 The L-spine and total hip BMD values were significantly low-
er in vertebral fracture patients with pain than in asymptomatic 
fracture patients (P < 0.01 for all), and BMD values in the L-spine, 
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Fig. 1. T-scores by age group: Box plot. (A) T-score of L-spine. (B) T-score of femur 
neck. (C) T-score of total hip. With increasing age, the L-spine, femur neck and total 
hip BMD values significantly decrease. 
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Table 1. Bone mineral density by age
Location 50s 60s 70s P value*
L-spine No.
BMD Mean (SD)
BMD Median
T-score Mean (SD)
T-score Median
453
0.927 (0.177)
0.929
-1.4 (1.3)
-1.3
491
0.842 (0.175)
0.834
-2.1 (1.3)
-2.2
300
0.799 (0.186)
0.791
-2.5 (1.4)
-2.6
< 0.001
< 0.001
Femur neck No.
BMD Mean (SD)
BMD Median
T-score Mean (SD)
T-score Median
453
0.772 (0.186)
0.765
-1.1 (1.1)
-1.1
490
0.708 (0.205)
0.717
-1.7 (1.1)
-1.6
293
0.630 (0.163)
0.630
-2.3 (1.0)
-2.3
< 0.001
< 0.001
Total Hip No.
BMD Mean (SD)
BMD Median
T-score Mean (SD)
T-score Median
414
0.852 (0.216)
0.843
-0.7 (1.2)
-0.7
460
0.754 (0.155)
0.760
-1.4 (1.1)
-1.4
278
0.682 (0.152)
0.679
-2.1 (1.1)
-2.1
< 0.001
< 0.001
*P value by analysis of variance (ANOVA). BMD, Bone mineral density; SD, Standard deviation.
femur and total hip were significantly lower in asymptomatic 
fracture patients than those without vertebral fracture (P < 0.01 
for all) (Fig. 4). 
 As a result of analyzing the correlation between the degree of 
deformity from vertebral fracture and BMD, the L-spine, femur 
neck and total hip BMD in the normal group was significantly 
higher than those in the Genant SQ Grade 1 and the Genant SQ 
Grade 2 and 3 group (P < 0.01). And, the femur neck and total 
hip BMD in the Genant SQ Grade I group was significantly high-
er than those in the Genant SQ Grade 2 and 3 (P < 0.01); how-
ever, there was no significant difference in the L-spine BMD be-
tween the Genant SQ Grade 1 group and the Genant SQ Grade 
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Fig. 2. The incidence of osteoporotic vertebral compression fracture by T-score. With 
decreasing T-score, the prevalence of vertebral compression fracture increase.
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Fig. 3. Bone mineral density and fracture. (A) The mean BMD values in the L-spine, 
femur neck and total hip was significantly lower in subjects with osteoporotic verte-
bral fracture than those without fracture (P < 0.001 for all three). (B) T-scores in the 
L-spine, femur neck and total hip was also significantly lower in subjects with osteo-
porotic vertebral fracture than those without fracture (P < 0.001 for all three).  
Fig. 4. Bone mineral density and osteoporotic vertebral compression fracture with or 
without pain. The L-spine and total hip BMD values was significantly lower in verte-
bral fracture patients with pain than in asymptomatic fracture patients (P < 0.01 for 
all), and BMD values in the L-spine, femur neck and total hip was significantly lower 
in asymptomatic fracture patients than those without vertebral fracture (P < 0.01 for 
all) by analysis of variance.
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Fig. 5. Bone mineral density by vertebral deformity grade. The L-spine, femur neck 
and total hip BMD are significantly higher in the normal group than that in the Genant 
SQ Grade 1 and the Genant SQ Grade 2 and 3 group (P < 0.01). The femur neck and 
total hip BMD are significantly higher in Genant SQ Grade 1 than the Genant SQ Grade 
2 and 3 (P < 0.01) by analysis of variance (ANOVA). 
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2 and 3 group (Fig. 5). 
BMD by hip fracture and wrist fracture
The L-spine BMD in the groups with hip fracture and wrist frac-
ture was lower than that in the group without fracture, showing 
no statistically significant difference, but the femur neck and 
total hip BMD was significantly lower in the patients with hip 
fracture and wrist fracture than in those without fracture (P =  
0.037 and P < 0.001 for hip fracture and P = 0.009 and P < 0.001 
for wrist fracture, respectively) (Table 2).
Correlation between BMD and the EQ-5D
BMD values for each question of the EQ-5D are indicated in 
Table 3. Visual analogue scale (VAS) values for all items were 
significantly higher in the Level 1 group compared to those in 
the Level 2 and 3 groups, showing a strong positive correlation 
between VAS and the EQ-5D (Fig. 6). 
 In terms of mobility, the femur neck and total hip BMD val-
ues were significantly higher in the Level 1 group than in the 
other groups (P = 0.037 and 0.011, respectively). For the items 
of usual activities and pain/discomfort, the total hip BMD was 
significantly higher in the Level 1 group than in the other groups 
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Table 3. BMD and VAS by the EQ-5D
Questions
L-spine Femur neck Total hip VAS
No. Mean No. Mean No. Mean No. Mean
Mobility I have no problems in walking about
I have some problems in walking about/I am confined to bed
P value*
667
583
0.477
0.858
0.866
664
578
0.037
0.723
0.700
620
535
0.011
0.785
0.756
639
571
< 0.001
72.6
62.9
Self-care I have no problems washing or dressing myself
I have some problems washing or dressing myself/I am unable to  
   wash or dress myself
P value*
978
271
0.316
0.859
0.872
974
267
0.966
0.713
0.712
899
255
0.865
0.771
0.774
945
264
< 0.001
70.4
59.3
U sual activi-
ties
I have no problems with performing my usual activities
I have some problems with performing my usual activities/I am  
   unable to perform my usual activities
P value*
727
520
0.339
0.867
0.857
725
514
0.346
0.717
0.706
670
484
0.028
0.783
0.757
702
505
< 0.001
72.8
61.3
P ain/discom-
fort
I have no pain or discomfort
I have moderate pain or discomfort/I have extreme pain or discomfort
P value*
345
906
0.621
0.866
0.860
343
900
0.051
0.729
0.706
319
837
0.018
0.791
0.764
334
877
< 0.001
75.0
65.3
A nxiety/De-
pression
I am not anxious or depressed
I am moderately anxious or depressed/I am extremely anxious or  
   depressed
P value*
821
429
0.952
0.861
0.862
815
427
0.020
0.722
0.695
749
406
0.704
0.770
0.775
791
419
< 0.001
71.9
60.5
*P value by t-test. BMD, Bone mineral density.
Table 2. Bone mineral density by hip fracture and wrist fracture
Type of fracture
L-spine BMD Femur neck BMD Total hip BMD
No. Mean P value* No. Mean P value* No. Mean P value*
With hip fracture   27 0.811 0.090   27 0.646 0.037   25 0.643 < 0.001
Without fracture 979 0.872 972 0.721 908 0.783
With wrist fracture   71 0.847 0.277   70 0.661 0.009   64 0.712 < 0.001
Without fracture 979 0.872 972 0.721 908 0.783
*P value by t-test. BMD, Bone mineral density.
Fig. 6. Correlation between the EQ-5D index and VAS. The EQ-5D index shows a weak 
correlation coefficient of r = 0.445 with VAS (P < 0.001).
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(P = 0.028 and 0.018, respectively). For the item of anxiety/de-
pression, the femur neck BMD was significantly higher in the 
Level 1 than in the other groups (P = 0.020) (Table 3).
 BMD levels in the L-spine, femur and hip did not have corre-
lations with VAS.
DISCUSSION 
This study is the first nationwide, observational and cross-sec-
tional study conducted in Korea in order to evaluate BMD and 
the related clinical aspects in postmenopausal women. The study 
has the strength of reducing a bias from the region by recruiting 
patients divided into the four areas in the equal ratio based on 
the regional distribution of women at 50 yr of age or older and 
identifying nationwide characteristics of Korean menopausal 
women by recruiting 1,281 patients from 62 centers for the same 
period consecutively. However, it has a weakness of not reflect-
ing all characteristics of general population properly because this 
study targeted patients who visited an orthopedic clinic. An-
other weakness of our study is that we used four different DXA 
in measurement of bone mineral density, which has different 
references to produce different T-scores between the models. 
 In this study, the values of BMD in the 50s, 60s, and 70s sig-
nificantly diminished with increasing age, and the result was 
similar to the other study where the BMD significantly dimin-
ished with increasing age in postmenopausal women (1).
 It is known that body fat and lean mass are correlated with 
BMD and postmenopausal, and some studies have indicated 
that obesity has a protective effect on bone loss to a certain ex-
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tent (14, 15), but there are reports that obesity, especially fat 
mass, interrupts bone health (16, 17). Therefore, there may be 
different opinions regarding the correlation between BMI and 
BMD, but there are many reports where body weight has a pro-
tective effect on BMD and the percentage of body fat is nega-
tively related to BMD (18). In our study, although it is a weak-
ness not to differentiate for fat mass separately, BMI has shown 
a positive correlation with the L-spine BMD and very week cor-
relations with the femur neck and total femur BMD, which is 
similar to the results in other studies.
 It is known that osteoporotic vertebral fracture not only in-
duces a severe symptom but also appear asymptomatic in many 
cases. In this study, BMD in subjects with symptomatic verte-
bral fracture was significantly lower than that in asymptomatic 
patients, and BMD in subjects with asymptomatic vertebral 
fracture was significantly lower than in those without fracture. 
Consequently, it seems that the incidences of both vertebral 
compression fracture and symptomatic vertebral compression 
fracture increase with decreasing BMD.
 BMD usually has a correlation with vertebral compression 
fracture, and it is possible to form a hypothesis where higher 
BMD may have lower asymptomatic fracture followed by lower 
symptomatic fracture, inferring from the result of this study. It is 
associated with what BMD has a significant correlation with 
mortality (19) as well as fracture, and it can be interpreted that 
BMD reduction not only induces asymptomatic and symptom-
atic vertebral fractures but also increases mortality since asymp-
tomatic vertebral fracture also increases mortality. 
 In addition, our result shows that a decreasing BMD causes 
an increasing degree of collapse in vertebral compression frac-
ture; it is thought that the lower the BMD value is, the easier the 
deformity occurs by compressive force because the compres-
sive force becomes to affect persistently on thoracic or thoraco-
lumbar vertebra due to kyphosis of the thoracic spine and trunk 
weight although the same external pressure affects with verte-
bral fracture.
 In this study, BMD in the groups with hip fracture and wrist 
fracture was lower than in the group without fracture, and es-
pecially the difference was significant in the femur neck and to-
tal hip BMD but not in the lumbar BMD. This result can be in-
terpreted in two ways. One is that the lumbar BMD is less accu-
rate than the hip BMD because the lumbar BMD might be mea-
sured higher than the actual BMD due to degenerative change 
or vascular calcification (20), and it is known that the total hip 
BMD is generally the best predictor of clinical fracture (21). The 
other is that it can be interpreted the femur neck or total hip 
BMD acts as a fracture risk more directly than the lumbar spine 
BMD in hip fracture.
 One of the risk factors for development of osteoporosis is re-
duced physical activity (22). It is known that physical performan-
ces such as gait speed, step length and grip strength are better 
with increasing BMD (23). Physical performance has a positive 
correlation with general health and pain, leading to the correla-
tion with quality of life. As an index of assessing quality of life, 
the EQ-5D is a useful tool. In this study, the EQ-5D scores sig-
nificantly dropped in the dimensions of usual activities, mobili-
ty, pain/discomfort and anxiety/depression with decreasing 
BMD, and the differences were significant in the femur neck 
and total BMD, suggesting the close relationship between BMD 
and quality of life. It is known that quality of life (24) and mor-
tality (25, 26) can be improved by increasing BMD with the treat-
ment for osteoporosis. In addition, lower BMD is closely associ-
ated with the decreased sleep duration related to severe endo-
crine and metabolic dysfunction (27). In old women, lower BMD 
also shows positive correlations with the higher Beck Depres-
sion Inventory Score and higher levels of depressive symptoms 
with higher prevalence of depression (28). In women, it is known 
that the femur neck and total hip BMDs show positive correla-
tions with the respiratory function represented by the FEV1 (29). 
In older women, lower BMD is correlated with depression of 
left ventricular function (30) and coronary heart disease (31, 32).
 Moreover, BMD is associated with an increased mortality risk 
(19, 33). A Japanese study where the result is expected to be sim-
ilar to that in Korean population has also reported that low BMD 
is significantly associated with an increased risk of mortality 
even with excluding the previous lifestyle-related diseases such 
as stroke, hypertension, heart disease and smoking (1).
 Despite several limitations in this study, the nationwide cross-
sectional study indicated that the prevalence of osteoporosis 
increased with increasing age in Korean postmenopausal wom-
en and BMD had a significant correlation with osteoporotic frac-
ture. In addition, the BMD level was significantly low in subjects 
with the history of asymptomatic vertebral fracture as well as in 
those with symptomatic vertebral fracture, and the femur neck 
and total hip BMD values were significantly lower with the high-
er degree of vertebral fracture collapse and the history of hip 
fracture and wrist fracture. The femur neck and total hip BMDs 
were correlated with quality of life measured by the EQ-5D. Based 
on the result of this study, BMD and its clinical consequences 
were confirmed in Korean postmenopausal women, and it is 
expected that the result will help us establish the treatment strat-
egy in the future.
 In Korean postmenopausal women, the prevalence of osteo-
porosis and vertebral, hip and wrist fracture increase and quali-
ty of life decreases with lower BMD. Therefore, it is determined 
that active treatment is necessary for improving the clinical 
outcome of osteoporosis patients.
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